Objective: Gutters can be described as the loss of continuous apposition between the main body of the endograft, the chimney stent graft, and the aortic wall. Gutters have been associated with increased risk of type IA endoleaks and are considered to be the Achilles' heel of chimney endovascular aneurysm repair (ch-EVAR). However, there is no classification yet to classify and quantify gutter types after ch-EVAR.
Most reinterventions after endovascular aneurysm repair (EVAR) are needed to repair complications at the proximal part of the endograft caused by sealing failures and endograft migration. 1, 2 Positioning of the endograft close to the lowest renal artery to optimize the sealing area can be challenging in hostile proximal necks (necks <15 mm, severe angulation >60 , diameter >28 mm, and thrombus). [3] [4] [5] Juxtarenal abdominal aortic aneurysms (JAAAs) are defined as aneurysms that involve the lower margins of at least one of the renal artery origins and account for 15% of all AAAs. [6] [7] [8] [9] Standard EVAR is not a valid option in JAAAs because of the absence of a sufficient landing zone in the aortic neck. JAAAs are treated by open surgical repair, fenestrated EVAR (f-EVAR), or chimney EVAR (ch-EVAR). Fenestrated aortic endografts have been developed for and applied in patients with a JAAA and have a proven clinical efficacy, with a lower 30-day mortality rate compared with open surgery (2.4% vs 3.4%) and an early type Ia endoleak rate of 4.3%. 10 One of the disadvantages of custom-made fenestrated endografts is the interval between the computed tomography (CT) scan and implantation (manufacturing time of 4 to 8 weeks), making the procedure unsuitable for urgent AAA repairs. Moreover, implantation of fenestrated endografts is substantially more time consuming and expensive compared with standard EVAR procedures.
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The chimney technique, or parallel grafting, involves the deployment of side branches alongside the main endograft. 12 The procedure was originally described by Greenberg et al 13 for f-EVAR in an emergency setting when there is no time for custom-made endografts or when the patient's anatomy precludes the use of other endografts. 10, 11, 14 The safety and midterm durability of ch-EVAR is proven and has been associated with a lower mortality rate compared with open or hybrid reconstructions. [15] [16] [17] [18] Drawbacks of the chimney technique include the necessity of an upper extremity arterial access, which can lead to ischemic stroke in 3.2% of procedures, chimney stent graft compression, and gutter formation. 10 Gutter formation is considered to be the Achilles' heel of ch-EVAR and has been associated with a higher incidence of type Ia endoleaks compared with f-EVAR. 18, 19 Gutters can be defined as loss of continuous apposition between the main body of the endograft, the chimney stent graft, and the aortic wall. The conformability of the endograft around the chimney stent grafts is likely to differ between stent graft types because of particular stent graft architecture and the materials used in the graft. 20 The larger the volume of the gutter and the longer its length, the more likely it is that endoleaks type IA will develop. 21 However, not all gutters will lead to type IA endoleaks. Gutters can differ regarding the location alongside the endograft circumference as well as their proximal and distal end. Besides location, evaluating gutter size and volume over time is important. So far, a classification system for the different gutter types after ch-EVAR is lacking, which is the subject of this report.
METHODS
A definition of gutter, as proposed: Gutter is characterized as the space formed by the loss of continuous aortic wall apposition between the endograft or chimney grafts, or both, and the aortic wall, with or without the persistence of blood flow in the aortic aneurysm.
Alongside the length of the endograft and chimney grafts, three main gutter types can be defined:
Gutter type A (Fig 1) : A gutter that originates at the proximal start of the endograft fabric. This gutter can be subdivided into types A1, A2, and A3. Type A1 is a gutter originating at the proximal start of the fabric of the endograft and continuing into the aneurysm sac, with a high risk of type Ia endoleak and pressurization of the aneurysm. Type A2 is defined as a gutter originating at the proximal start of the fabric of the endograft and extending into the side branch vessel because of lack of sealing of the chimney graft in the branch vessel. Type A3 is a gutter that begins at the proximal start of the endograft fabric and terminates proximal to the aneurysm sac or chimney stent graft.
Gutter type B (Fig 2) : Defined as loss of apposition between the distal end of the chimney stent graft and the visceral artery. A type B1 gutter is defined when the gutter connects the visceral artery with the aneurysm sac, potentially leading to a type IB endoleak. A type B2 gutter is defined when there is no connection with the aneurysm sac.
Gutter type C (Fig 3) : A gutter originating below the fabric of the endograft, without any connection to the proximal and distal chimney end or continuation into the aneurysm sac. Type C gutter describes an enclosed volume; typically, type C gutter is not related to endoleak.
Differences in gutter size may be assesed during followup by determination of the part of the aortic wall circumference where full apposition is lost betweeen the graft material and the aortic wall. This parameter is clockwise oriented, ranging from 0 to 360 of freedom, similar to the orientation of fenestrations in f-EVAR (Fig 4) . 22 Axial slices of a center lumen line CT reconstruction can be used. The maximum gap between the graft material and the aortic wall can also be measured and eventual changes evaluated during follow-up (Fig 4) . Fig 1. A, Type A1 gutter originates at the proximal start of the fabric of the endograft with continuation in the aneurysm sac. B, Type A2 gutter originates at the proximal start of the fabric of the endograft and extends into the side branch vessel because of lack of sealing of the chimney graft in the branch vessel. C, Type A3 gutter begins at the proximal start of the endograft fabric and terminates proximal to the aneurysm sac or chimney stent graft.
DISCUSSION
Although numerous reports have been published on ch-EVAR in recent years, a uniform gutter classification is lacking. Having such a classification is important to better interpret ch-EVAR outcomes in the literature and because some but not all gutters will lead to endoleaks or will need (re)intervention. By determination of changes in the size and extent of gutters after ch-EVAR during follow-up, the complication risk can be better assessed and a more patient-specific follow-up is possible.
Type A1 and A2 gutters with persistence of blood flow in the aneurysm sac or a visceral artery are, by definition, type Ia endoleaks and should be treated. Gutter type A1, however, will lead to repressurization of the aneurysm, whereas gutter type A2 extends into a side branch. The technique of treatment of these gutters is different. The type B1 gutter, with the persistence of blood flow into the aneurysm sac from a back-bleeding visceral artery, is similar to a type Ib endoleak and should be treated as such. Type A3, B2, and C gutters do not lead to endoleaks; however, a type A3 gutter is more prone to progress to an endoleak than a type C gutter because it originates from the top of the fabric of the endograft. Although type C gutters are potentially harmless and may occur in most ch-EVAR cases, these gutters are still included in the classification. By categorizing type A, B and C gutters, based on the risk for failure, all gutter cases are covered within the categorization. Gutter type on the first postoperative CT scan may therefore act as a baseline for progression of the gutter, either in size and type. Fig 5 provides a flowchart of the different gutter types and the risk of developing endoleak.
In case two visceral stents are aligned side-by-side (Fig 6, A) , or even crossed over (Fig 6, B) , a gutter may be formed between the stents, which is essentially a type A gutter. Depending on the lowest point of noncircumferential endograft apposition, this is classified as a type A1, A2, or A3 gutter. When ch-EVAR is performed in the renal artery, a type IA endoleak may develop in 7% of single chimney stent graft procedures and in 15.6% of bilateral procedures. 23 Scali et al 24 described endoleak in 32% of patients with chimney stent grafts at some point during a mean follow-up of 18 months. Recently, Lindblad et al 25 systematically reviewed 911 visceral chimney stent grafts in 517 patients. The overall 30-day chimney stent graft patency rate was 97%, the incidence of early type IA endoleak was 13%, the 30-day mortality was 4%, and the procedurally related complications rate was 8%. If planning before ch-EVAR is done precisely and measurements are performed on a central luminal line reconstructed CT scan, primary type Ia endoleak may resolve spontaneously in most cases. 26 In a recently published report by Tran et al, 27 follow-up CT angiography (CTA) revealed spontaneous resolution of gutter endoleaks in 20.1%, 46.2%, 61.0%, and 80.4% of patients at 1 month, 6 months, 1 year, and 2 years after the procedure, respectively. These reports did not provide a classification of gutter types. Moreover, the mechanism of sealing around the chimney stents is likely to be multifactorial. Interactions of the endograft materials and the particular endograft architecture determine the degree of conformation of the stent grafts in the aorta. An in vitro study showed that excessive endograft oversizing (30%) results in a better endograft-chimney graft apposition and a lower gutter area compared with 15% oversizing. 20 This strategy, however, may increase chimney stent graft compression.
Gutters that occur after ch-EVAR are mostly determined on follow-up imaging by inflow of contrast.
We hypothesize that a gutter may also be present without the persistence of blood flow (ie, gutter filled with thrombus). The imaging modality that is used may fail to detect slow flow of contrast in the gutter, yet the gutter may still result in pressurization of the aneurysm, and these patients may have to be treated accordingly. Quantification of gutters without the persistence of blood flow is, like detection of slow-flow endoleaks, challenging and highly dependent on the imaging modality, the imaging quality, and the experience of the radiologist. However, when EVAR, ch-EVAR, and f-EVAR procedures are performed, it may be expected that experienced and dedicated radiologists will review the postprocedural images.
Gutter may resolve spontaneously over time; however, a change of a gutter with the persistence of blood flow toward a gutter filled with thrombus does not mean that the gutter itself is resolved. Therefore, determining changes in gutter size and volume, as proposed in the Methods, is important.
The three-dimensional characteristics of the gutter can be described by using the clock-face circumference, the maximum distance between graft material and aortic neck, and the type of gutter. Center lumen line reconstructions with commercially available workstations can be easily used to assess changes in gutter size during follow-up. However, we realize that during ch-EVAR follow-up, imaging with an optimum between a high spatial resolution, a high signal-to-noise ratio, and a low slice thickness, may be crucial to identify and distinguish some small gutters, especially in progression of the native aneurysm sac diameter without a clear type Ia endoleak.
Static CT is currently most used as the imaging modality during the follow-up of high-risk EVAR patients. The use of static CT imaging, usually including an arterial and venous phase to visualize the dynamic behavior of the aorta and the endograft, is a limitation in the quantification of gutters and other endograft-related complications. 28 The peak enhancement of endoleaks over time, and likely gutter, is significantly different from the abdominal aortic lumen. Lehmkuhl et al 29 found that the highest endoleak detection rate was achieved when the peak enhancement of the aorta and the endoleak had already passed and that there was maximum contrast between the endoleak and the rapidly de-enhanced aorta. The use of electrocardiogram-gated CTA is associated with a significantly increased detection rate of endoleaks compared with conventional biphasic CT. In addition, a systematic review by Habets et al 30 showed that contrast-enhanced magnetic resonance imaging detects significantly more endoleaks than CTA in patients after EVAR, especially small and slow-flow endoleaks. We assume that these detailed types of imaging can be also used to better detect the clinical significance of gutters after ch-EVAR if a standard CT scan fails. Although f-EVAR is the preferred endovascular treatment for JAAAs and pararenal AAAs, ch-EVAR is the best endovascular alternative when urgent repair is needed or when manufacturing of a fenestrated endograft is declined. With the advancement of f-EVAR, the number of ch-EVAR procedures may decline over the years. However, even if the rate of ch-EVAR procedures declines, thousands of these procedures will have been performed, and a substantial portion of the treated patients will have gutters. A gutter classification will therefore still be essential to offer these patients the best follow-up.
The current classification ranks gutters from high to low risk for the existence or development of endoleaks, with highest risk indicated by type A1 and lowest risk by type C. As a limitation of this study, the true risk of each gutter type for the onset of an endoleak is yet to be researched with long-term clinical data.
CONCLUSIONS
ch-EVAR is an efficient therapy with high technical success and stent graft patency; yet, gutter remains the Achilles' heel of this technique. The proposed gutter classification enables a uniform terminology in current ch-EVAR literature, a more accurate risk assessment of gutter-associated endoleaks, and allows monitoring of eventual progression of gutter size during follow-up. 
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